Reverse transcriptase-polymerase chain reaction (RT-PCR) amplification of the nucleocapsid (N) gene of mouse hepatitis virus (MHV) successfully detected 36 strains from the faeces of mice that had been housed in animal facilities in Japan from 2000 to 2003. Subsequent restriction fragment length polymorphism (RFLP) analysis, using the enzymes Acc I, Alu I, EcoR I and Mbo I, demonstrated that these strains could be divided into five distinct subgroups and that the same MHV strains were detected from closely related mouse facilities. Furthermore, strains from the same facility showed the same RFLP pattern, irrespective of the year of detection, but this pattern varied between different locations. This study shows that RFLP analyses are a rapid and useful method for differentiation of MHV strains.
genetically modified animals, such as transgenic and knockout mice, have become widespread. As a result, the transfer and procurement of such animals by individual institutes have become more frequent, from both domestic and international sources. The risk of the spread of infectious diseases such as mouse hepatitis virus (MHV) has therefore increased (Baker 1998 , Yamamoto et al. 2001 , Oyanagi et al. 2004 . Once an MHV outbreak occurs in an animal facility, it is important to establish whether or not the isolated viral strains from each of the locations in the facility differ in order to determine the origins of transmission. MHV infections are usually diagnosed by serum antibody testing (Homberger 1997) , but this cannot distinguish easily between different strains and can only detect the virus after at least 2 weeks of incubation.
Previously, a report by Yamada et al. (2001) analysed and compared the nucleotide sequences of the N coding region of MHV strains isolated in Japan to clarify the phylogenetic relationships among them. Sequence comparisons of the N gene of MHV are useful for identifying the origins of a particular prevalent strain but this technique is time-consuming, needs a well-equipped laboratory and is not convenient for the analysis of large quantities of samples. Comparison of fragment sizes after restriction enzyme digestion is, however, both a rapid and a convenient method of sequence analysis that can be readily used to compare large
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numbers of DNA samples amplified by PCR (Moore et al. 1993 , Van Belkum et al. 1993 ). The present study was designed to determine whether RFLP analyses of MHV could be used routinely to identify the origins of MHV strains that are detected at an early stage of an outbreak.
Materials and methods
The live mice from animal facilities in Japan were housed in autoclaved TPX cages with stainless steel lids (CLEA Japan, Inc., Tokyo, Japan) containing sterilized wood chips and were maintained on a laminar flow bench (Tokiwa Co. Ltd, Tokyo, Japan) under barrier-sustained conditions with controlled temperature (22 Ϯ2°C) and lighting (12 h light/dark cycle). The animals received humane care in compliance with both institutional and Japanese government guidelines for animal experimentation.
Ten to 20 mg of fresh faeces were homogenized in 100 l of diethyl pyrocarbonate (DPEC)-treated water. Total RNA was extracted from each sample with a commercial kit (ISOGEN; Nippon gene, Tokyo, Japan) according to the manufacturer's instructions. RT-PCR was performed with a Takara one-step RNA PCR kit (Takara, Tokyo, Japan) with approximately 1 g of total RNA used as a template. The primers used to amplify the nucleocapsid (N) gene were: 5Ј-GCAGCAGTGTTTTGGAAAGAGAG-3Ј (sense) and 5Ј-TGGGCTTGGCAACGCTTA-3Ј (antisense) with a predicted 401 bp fragment. The PCR conditions were 30 cycles at 95°C for 1 min, 55°C for 1 min and 72°C for 2 min. Chain elongation at 72°C was extended to 5 min after the final cycle. Three l aliquots of the PCR products were separately digested with the restriction enzymes Acc I, Alu I, EcoR I and Mbo I in a final volume of 10 l, at 37°C for 3 h. The digests were then electrophoresed in a 6% Nusieve 3:1 agarose (BMA products, Rockland, ME, USA) gel. The predicted restriction digestion patterns for each enzyme, based on the reported sequences of the N gene (Adami et al. 1995 , Yamada et al. 2001 , are shown in Table 1 .
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A numerical code was assigned to each isolate based on this RFLP gel pattern (Table 2) .
Results and discussion
Thirty-six MHV RT-PCR amplicons were detected from six facilities in Japan (A to F; Table 2 ). These amplicons (401 bp) were then digested by various restriction enzymes (Fig 1) , each of which was found in the present study to have at least two restriction patterns. A numerical code was subsequently assigned to each amplicon based on this RFLP gel pattern (Table 2) . Based upon this system, the code for strains detected from facility A was found to be 1-3-2-2, i.e. the PCR fragments were digested by Acc I as code 1, by Alu I as The detected MHV strains were subsequently divided into five distinct RFLP codes. RFLP analysis was able to demonstrate that the strains obtained in 2000 and in 2001 from animal facility A had code 1-3-2-2 and that this was identical to the code of the MHV strains from facility B (Fig 2) . Facility B is, in fact, closely related to facility A through the transfer of mice, suggesting that the origin of the MHV strains detected in 2000 from facility B was the mice procured from facility A. In the remaining 30 strains, the same RFLP code was obtained from within each facility, irrespective of the year in which they were detected, but were different between facilities (Table 2 ). These results indicated that RFLP analysis was indeed specific and was therefore a useful method of distinguishing MHV strains, detected from the faeces of mice. Goto et al. (1995) previously reported RFLP analysis of the N gene of MHV, but their method required two primer sets, resulted in small restriction fragments and was not as simple as our procedure. They reported that the Nu-67-related MHV strain was the most prevalent in their clinical samples. In our method, the predicted RFLP code of the Nu-67 strain was 2-1-1-2, but we did not find this strain from the faeces of naturally MHV-infected mice. In addition, our previous sequence analyses also showed that the Nu-67 type is not the most prevalent MHV strain in natural outbreaks of this virus (Yamada et al. 2001) . These results suggest that the MHV strains that cause natural outbreaks of the disease have become more diversified in Japan than those at the time of the report from Goto et al. (1995) .
When an MHV outbreak occurs in an animal facility, it is necessary to know how the virus invades the facility. The differentiation of MHV strains at an early stage of an outbreak may help to identify the origin of the virus. Because two or more different MHV strains were contaminating one facility (Yamada et al. 2001 , Oyanagi et al. 2004 , it is first necessary to know whether or not the causative agents of the outbreak from each of the locations in the facility differ to determine the origins of transmission. In this study, we have attempted to distinguish among MHV RT-PCR amplicons from faeces of mice held in animal facilities by RFLP analysis. We conclude that the method described here is both a more rapid and easier procedure for distinguishing among MHV strains than either sequence analysis or other RFLP techniques. 
